Background and Aims Disturbance often drives plant invasion and may modify community assembly. However, little is known about how these modifications of community patterns occur in terms of taxonomic, functional and phylogenetic structure. This study evaluated in an arid shrubland the influence of disturbance by an endemic rodent on community functional divergence and phylogenetic structure as well as on plant invasion. It was expected that disturbance would operate as a habitat filter favouring exotic species with short life cycles.
INTRODUCTION
Disturbance events (e.g. fire, grazing, mowing activity of fossorial mammals) remove plant biomass and thereby create opportunities for plant species colonization (Davis et al., 2000; Shea and Chesson, 2002; Mouillot et al., 2013) . Colonizing plants, such as non-native (hereafter: 'exotic') species, are usually adapted to exploit transient increases in resource availability by a rapid completion of their life cycle (r-strategists; Grime, 1977) . Consequently, plant community structure should vary in a rather predictable manner following disturbance. The 'Intermediate Disturbance Hypothesis' (Connell, 1978) states that moderate levels of disturbance prevent competitive exclusion, generating a mixture of colonizing and slow-growing plant species that increase diversity and taxonomic composition. This pattern, however, is not always confirmed because the effects of disturbance on diversity may vary with environmental conditions (Hughes et al., 2007) . In this regard, Huston (1979 Huston ( , 2004 proposed a 'Dynamic Equilibrium Model', which predicts that the effects of disturbance on species diversity should reverse from productive to unproductive environments. That is, in productive environments, increased disturbance causes an increase in species diversity by reducing the biomass of dominant species and creating an opportunity for plant colonization, e.g. establishment of exotic species (Davis et al., 2000; Shea and Chesson, 2002) . Conversely, in unproductive environments, an increase in disturbance beyond natural (or historic) levels causes failure of native plant populations to persist, resulting in a decrease in species diversity together with an increase in the probability of a successful invasion by exotics (Alpert et al., 2000; Huston, 2004) . The failure of native plant populations to persist occurs because only those species with traits associated with short life cycles or tolerant to non-natural (or new) harsh conditions can establish successfully (Kraft et al., 2015) . Finally, under intermediate conditions of productivity, an increase in disturbance produces the unimodal response originally proposed by Connell (1978) .
Although a global study concluded that disturbance is a weak predictor of plant invasion (Moles et al., 2012) , a recent meta-analysis demonstrated that exotic species benefit from disturbance (Jauni et al., 2015) . Thus, the species diversity and abundance of exotic species are higher at disturbed sites compared with undisturbed sites, while native species are not affected by disturbance (Jauni et al., 2015) . Disturbance may increase resource availability, thus providing the opportunity for exotic species to invade (Davis et al., 2000; Shea and Chesson, 2002) . Exotic species have faster growth, more efficient seed dispersal and higher resource-use efficiency and fecundity than native species (Van Kleunen et al., 2010 , and references therein); thus they can rapidly colonize and establish at disturbed sites (Tierney and Cushman, 2006) . Increased species richness and abundance of exotic species at disturbed sites can change community composition as a consequence of their impact on the performance and population dynamics of resident species (Vil a et al., 2011) . Importantly, disturbance often shows continuous variation in nature, but for operational reasons it is commonly studied as a categorical or dichotomous factor (Sousa, 1984; Jauni et al., 2015) . If native or exotic species richness and abundance vary with disturbance in a non-linear fashion, it would be overlooked by a dichotomous approach ('veiled gradient'; McCoy, 2002) . For example, the metaanalysis conducted by Jauni et al. (2015) , based on a categorical approach, showed that the species diversity and abundance of exotic species is higher at grazed sites compared with ungrazed sites. However, Moles et al. (2012) through a continuous approach showed that the increase in grazing intensity was not significantly associated with either abundance or species richness of exotic species. An accurate estimation of the relationship between disturbance and native/exotic species richness and abundance is not only important for a better understanding of the dynamics of ecological communities, it is also essential to avoid misleading recommendations for management of invasive species (Daehler, 2003) .
Community patterns are thought to be largely driven by the simultaneous action of two processes: (1) 'limiting similarity', where only species with dissimilar combinations of traits related to resource acquisition and/or use would coexist; and (2) 'habitat filtering', where only species with particular traits or strategies can establish and persist, leading to similar combinations of traits in coexisting species (Pausas and Verd u, 2010; Mouillot et al., 2013) . Generally, increased disturbance reduces fitness of resident plant species, and by reducing the number of dominant species and releasing space and resources it may lessen the importance of interspecific competition in the community (Huston, 1979; Dinnage, 2009) . Thus, disturbance is likely to tip the balance in favour of habitat filtering and against limiting similarity as the main process driving community structure (Mouillot et al., 2013; Laliberté et al., 2013) . In unproductive environments where only plants with particular traits or strategies can establish and persist, we expect habitat filtering to become the dominant assembly process under the influence of disturbance (Kraft et al., 2015) . The relative importance of habitat filtering in community assembly can be inferred from patterns of plant functional convergence or divergence (Pausas and Verd u, 2010) , where convergence (species are more functionally similar to each other than expected by chance) is typically associated with habitat filtering (Pausas and Verd u, 2010) . Plant-plant interactions may also influence assembly processes in stressful environments (McIntire and Fajardo, 2014) . For instance, it has been shown that facilitation may promote functional divergence in the resource-poor alpine tundra (Spasojevic and Suding, 2012) . However, this pattern is opposite to what we expected to find assuming a habitatfiltering process: disturbance promoting functional convergence (Mouillot et al., 2013; Laliberté et al., 2013) .
Disturbance is a major agent of selection in the evolution of life history traits in plants (Grime, 1977; Sousa, 1984) . At the community scale, previous studies have shown that species sharing functional traits associated with disturbance are more closely related than expected by chance (phylogenetic signal for r-strategy; Brunbjerg et al., 2012) . If there is a phylogenetic signal for life history traits, we expect consistency between the phylogenetic and the functional structure, and thus an increase in disturbance may result in non-random phylogenetic community structure (Webb et al., 2002; Pausas and Verd u, 2010) . In other words, if plant life history traits show phylogenetic signal and only species adapted to disturbance can persist and establish, then communities where these species are common should show phylogenetic clustering. Conversely, if closely related species are not functionally more similar than expected by chance (no phylogenetic signal), then habitat filtering may produce a phylogenetically overdispersed community structure. Evaluations of whether increased disturbance leads to phylogenetic clustering have not found consistent results (reviewed by Zhang et al., 2014) . This inconsistency has been explained, at least in part, by the use of incomplete disturbance gradients, which probably miss disturbance levels where patterns might emerge (McCoy, 2002; Zhang et al., 2014) . The nature of the effects of increased disturbance on species richness and abundance of both native and exotic species, as well as the relationship between disturbance and phylogenetic community structure, are still unresolved issues (Cadotte et al., 2010; Brunbjerg et al., 2012) . Our understanding of the interplay between disturbance and exotic species in determining the phylogenetic structure of plant communities would benefit from an integrative analysis, which should include a continuous gradient of disturbance, patterns of functional structure (convergence or divergence) with the relative contribution of native and exotic species, and the underlying type of evolution (existence of phylogenetic signal).
In the present study we evaluated the species richness and abundance of native and exotic herbs in 16 local communities along a natural gradient of soil disturbance in an arid shrubland of central Chile. We also determined the changes in community composition along the disturbance gradient and identified which species were most strongly associated with these changes. Finally, we measured community functional divergence using life history traits and the relative contribution to functional divergence of native and exotic species, as well as the phylogenetic structure of all 16 communities. We focused at the local scale, where soil disturbance by an endemic fossorial rodent (Spalacopus cyanus; Octodontidae) is a conspicuous element of the system (bare soil mounds). We chose this scale to avoid habitat differences that may be confounded with the disturbance gradient at larger scales (Dinnage, 2009 ). We tested the hypothesis that the disturbance gradient generated by the burrowing activity of S. cyanus acts as a habitat filter that favours closely related herb species with traits associated with short life cycles, thus driving increased abundance and species richness of exotic species and modifying community composition. Specifically, we predicted that: (1) abundance/richness of native species and exotic species would decrease and increase with disturbance, respectively; (2) compositional change along the disturbance gradient would be mainly linked to exotic species for the more disturbed communities and to native species for the less disturbed communities; (3) functional divergence would decrease as disturbance increases (changing from divergence to convergence); (4) the relative contribution to functional divergence of exotic species and native species would increase and decrease with disturbance, respectively; and (5) phylogenetically dependent life history traits associated with increased disturbance would change phylogenetic community structure from overdispersed to clustered.
MATERIALS AND METHODS

Study site
Research was conducted at Las Cardas Experimental Station (5436 ha; Universidad de Chile) in North-Central Chile (30 15 0 S-71 17 0 W). The study area is an arid shrubland (aridity index ¼ 5Á4; De Martonne, 1926) with a mean annual precipitation of 138 mm, low productivity (Pérez-Quezada et al., 2012) and homogeneous soil textural properties (Verbist et al., 2013) . The study site has 18 ha of fenced area from which livestock and anthropogenic activities have been excluded for 34 years. The enclosure lies on flat land, so it does not extend over slopes, which would result in contrasting exposure to solar radiation. The dominant vegetation is an open shrubland (main woody species: Gutierrezia resinosa, Flourensia thurifera, Acacia caven and Senna cumingii) with a temporally active herbaceous stratum (winter and beginning of spring) dominated by native species such as Bromus berteroanus, Conanthera campanulata and Plantago hispidula (see species abundance ranking in Supplementary Data Fig. S1 ). Despite unnoticeable human impact, within the enclosure there is a substantial presence of exotic species such as Medicago polymorpha and Herniaria cinerea (Fig. S1 ). Exotic species established in Las Cardas arrived in central Chile on average 140 years ago (range: 170-56 years; Fuentes et al., 2013) . Currently, 21 out of 106 plant species in the site are exotic (C. Salgado-Luarte et al., unpubl. data). Occurrence of exotic species within the enclosure may be linked to the intensive use of surrounding habitats for goat raising (C. Salgado-Luarte et al., unpubl. data).
Disturbance gradient
The main disturbance regime within the enclosure is generated by the burrowing activity of the fossorial rodent Spalacopus cyanus (Octodontidae). Spalacopus cyanus is an endemic herbivorous rodent, distributed from 27 S to 37 S along the coastal range, which forms colonies of 16-26 individuals that maintain a system of connected tunnels (Contreras et al., 1993) . Soil disturbance by S. cyanus generates conspicuous above-ground oval bare soil mounds (0Á04-0Á25 m 2 area, 10-20 cm height) that are distributed in clusters (Contreras et al., 1993) . In areas free from enclosures of North-Central Chile, disturbance by this rodent promotes the recruitment of the exotic species Mesembryanthemum crystallinum and native geophyte species (its main food source) without changing diversity or composition (Contreras and Gutiérrez, 1991) . In areas relatively free from human impact such as our study site, however, mounds of S. cyanus do not promote colonization of M. crystallinum (Contreras et al., 1993) . We verified that M. crystallinum is absent from Las Cardas, supporting the idea of a habitat with low human disturbance. It has been suggested that mounds of S. cyanus may drive the expansion of exotic species through an increase in soil nutrient availability (Torres-D ıaz et al., 2012). However, soil from S. cyanus mounds and soil from microsites without the influence of S. cyanus showed no difference in pH, electrical conductivity, nitrogen, phosphorus, potassium or organic matter (Contreras et al., 1993; Whitford and Kay, 1999) . This suggests that the effects of disturbance by S. cyanus are mainly mediated by physical phenomena (i.e. plant removal by burial) rather than via changes in soil nutrient content or plant consumption (Contreras et al., 1993) . At Las Cardas, the only noticeable gradient within the enclosure is the density of mounds, which in turn is associated with a decrease in total plant abundance (see Table 1 ). Mound density, however, was not associated with the abundance of Bromus berteroanus, the most abundant native species [Generalized Linear Models (GLMs):
The abundance of B. berteroanus was not included in the statistical model (see below) because it did not affect any of the response variables of this study (Supplementary Data Table S1 ).
Sampling design
To assess how variation in natural disturbance by S. cyanus relates to herb community structure, we sampled and compared sixteen 0Á25 ha plots randomly established within grazing-free sites to minimize confounding factors. Each plot embodied a single independent plant community with its specific level of rodent disturbance (¼ number of mounds) and was located on average 100 m apart from each other (range: 30-200 m). Accordingly, there was a disturbance gradient that ranged from two to 14 mounds per plot. Within each plot, 25 quadrats of 0Á3 Â 0Á3 m were placed along five parallel 25 m transects. In each quadrat, every individual was recorded and identified to species or genus level, and the abundance was estimated as the sum of occurrences in the 25 quadrats within each plot (frequency). For each species, following standard references (Cornelissen et al., 2003; Pérez-Harguindeguy et al., 2013) and regional floras (Squeo et al., 2001; Zuloaga et al., 2008) , we determined three categorical life history traits: growth form (rosette plant/elongated/ extensive-stemmed herb/tussock/bambusoid/herbaceous vine/scrambler), plant life span (annual/biennial/perennial) and life form (therophyte/hemicryptophyte/geophyte/phanerophyte). We also recorded species origin (OR) as 'native' or 'exotic' (Fuentes et al., 2013) .
Species richness and abundance
To evaluate whether community sampling was adequate, we used species accumulation curves (SACs; number of species added per additional quadrat sampled). The mean SAC was estimated using the 'accumresult()' function available in the BiodiversityR package for R ver. 3.1.0 (all analyses were performed using this software environment; R Development Core Team, 2016) with the 'chao' option, and SAC standard deviation was obtained from random sub-sampling permutations without replacement. In general, species accumulation curves overlapped, indicating that most communities had a similar proportion of plant species (Supplementary Data Fig.  S2 ) and therefore the sampling strategy was adequate. Nonetheless, we estimated mean expected species richness for native, exotic and total species using the 'specpool()' function from the vegan package, based on the gamma 'Bootstrap' 
For each community parameter, the log-likelihoods (logLik), a corrected Akaike Information Criterion (AICc), the difference between the AICc value for a given model and that with the lowest AICc (DAICc) and Akaike weights (w i ) are shown.
All models were fitted using a GLM, and the significance of their parameter estimates are based on LRTs (P < 0Á05). Significant coefficients are shown in bold. Slope parameters of abundance are log-transformed.
*Averaged parameters are shown for cases where both linear and quadratic models had substantial support (DAICc <2).
method. Simultaneously, we estimated native, exotic and total abundance as the sum of occurrences in the 25 quadrats in each plot per group. To evaluate differences in the species richnessdisturbance and abundance-disturbance relationships between native and exotic species (disturbance ¼ number of mounds) we ran GLMs. Total species richness and abundance were not considered for these analyses, because they are not independent of the other groupings, but have been considered for subsequent regression analyses (see below). For both species richness and abundance we tested for significant differences between species origin (OR) categories (fixed factor), the influence of the disturbance level (covariate) and their interaction using likelihood ratio tests (LRTs). Due to the nature of the abundance data (i.e. frequency), we used a Poisson distribution linked to a log function in the GLMs. Then, we performed regression analyses based on GLMs using linear (
2 þ e i ) models to elucidate the shape of the relationship between species richness/abundance of the different groups (native, exotic and total) and the disturbance gradient, following the models of Connell (1978) and Huston (1979) . The best-fit model for species richness and abundance was selected using the corrected Akaike Information Criterion (AICc) through the 'model.sel()' function from the MuMIn package, and significance of individual parameters within the models was based on LRTs. When both linear and quadratic models had substantial support (DAICc <2), we performed model averaging using the 'model.avg()' function.
Community composition and association with disturbed sites
Community responses to environmental disturbance are often expressed as changes in species composition and abundance, and these multispecies responses can be quantified using multivariate techniques (McCune and Grace, 2002) and analysis of association (De C aceres and Legendre, 2009 ). We performed a non-parametric permutational multivariate analysis of variance (PERMANOVA; Anderson and Walsh, 2013) and regression (Jiménez et al., 2011) to evaluate the effect of disturbance on community composition. PERMANOVA was performed using the 'adonis()' function from the vegan package on a matrix based on Euclidian distances to estimate a P-value (a ¼ 0Á05). This analysis is less sensitive to location and dispersion effects than some of its alternatives (e.g. ANOSIM and the Mantel test), and robust enough to violations of the assumptions of normality and homoscedasticity of both data and their residuals (Anderson and Walsh, 2013) . To visualize multivariate patterns, we plotted community composition using the first two axes of a three-dimensional non-metric multidimensional scaling (NMDS) based on Euclidean distance, because it preserves the ordering relationships among objects in a small and specified number of axes, and gives a less deformed representation of the distance relationships among objects than other distance methods in the same number of dimensions (Borcard et al., 2011) . To assess whether there was a significant relationship (P < 0Á05) between the ordination axis scores (obtained by NMDS) and increased disturbance, we used the 'envfit()' function with 9999 permutations. To examine whether exotic species show preference for more disturbed communities and whether native species prefer less disturbed communities, we carried out an analysis of association between species and communities employing a presence/absence data matrix. We then estimated a correlation index (phi coefficient of association, r g U ) to evaluate species association with particular disturbance levels. This procedure only considered single communities as group targets, i.e. it did not consider combinations of site groups. The r g U index indicates the degree of site preference for the target community as compared with other communities, and it is more context dependent than other association indices (De C aceres and Legendre, 2009). Values were obtained using the 'multipatt()' function from the indicspecies package (De C aceres and Legendre, 2009).
Functional divergence
To assess whether increased disturbance acts as a habitat filter by decreasing community functional divergence, we used a multivariate functional divergence index based on principal coordinates analysis (PCoA) of a Gower dissimilarity matrix called functional dispersion (FDis; Laliberté and Legendre, 2010) . FDis is the mean distance of each species to the centroid of all species in the community, weighted by its abundance:
, where aj is the abundance of species j and zj the distance of species j to the weighted centroid. Thus, a decrease in FDis means that community composition has shifted towards species that are more similar to each other, i.e. convergence, in response to increased disturbance. We used FDis because it is independent of species richness and takes into account species abundance; moreover, it can be used for multiple and single traits, as well as for continuous and categorical trait values (Laliberté and Legendre, 2010) . We calculated FDis for all traits together (hereafter: overall traits) and each life history trait individually (growth form, plant life span and life form). To evaluate whether observed functional divergence of overall traits and single traits in each plot was lower or higher than expected from a null model, we estimated the standardized effect size (SES) using 9999 randomly generated null communities with an 'independent swap' algorithm (Gotelli, 2000) . We then calculated the differences between the observed FDis and null FDis divided by the standard deviation (s.d.) of the null data: [(FDis observed -FDis null )/s.d.FDis null ], where positive and negative values indicate higher or lower functional divergence than the null expectation values, respectively. To determine the shape of the relationship between SES values of overall traits and single functional divergence with disturbance, we performed regression analyses based on GLMs using the same procedure used for species richness and abundance (see above). To disentangle the relative contribution to functional divergence of native and exotic species along the disturbance gradient (only for significant relationships with disturbance), we estimated the percentage contribution of native and exotic species to FDis. We summed the distances, weighted by relative abundance, of each native/exotic species to the centroid of PCoA determined for each community and then divided by the estimated FDis for this community: [( P aizi/FDis) Â100], where ai is the abundance of native or exotic species i, zi is the distance of native or exotic species i to the weighted centroid, and FDis is functional divergence of all species of a community. To obtain the distance to the species centroids, we modified the 'fdisp()' function from the FD package. To evaluate differences in the relationship between increased disturbance (number of mounds: covariate) and relative contribution to FDis between OR categories (fixed factor) we ran a GLM and tested its significance using LRT (including the interaction between OR and number of mounds). Then, we compared the relative contribution to FDis of native and exotic species based on a GLM using the same procedure described above.
Phylogenetic signal and community structure
To determine phylogenetic signal and phylogenetic structure of communities, a supertree with all 50 taxa sampled (13 exotic and 37 native species; see Fig. 1 ) was assembled using the 'S.PhyloMaker' function implemented for R (provided in the Supplementary Data; Qian and Jin, 2016) in combination with the BLADJ algorithm (as in Phylocom). The supertree was constructed based on an updated megaphylogeny of vascular plants (PhytoPhylo; Qian and Jin, 2016) . The resulting phylogenetic tree had 50 tips and 47 internal nodes (Fig. 1) . We tested for phylogenetic signal of life history traits to determine whether species are more functionally similar to each other than expected by chance (Losos, 2008; Revell et al., 2008) . In addition, following Mi et al. (2012) , we estimated phylogenetic signal for OR to determine phylogenetic distinctiveness between exotic and native species. We used Pagel's k (Pagel, 1999) to estimate phylogenetic signal through the 'fitDiscrete()' function from the geiger package (Pennell et al., 2014 ). Pagel's k is a multiplier of the off-diagonal elements of a variance-covariance matrix, which best fits the distribution of data at the tips of the phylogeny. Values normally vary between 0 (phylogenetic independence) and 1 (traits evolve according to a Brownian process), while values >1 indicate that phylogenetic signal is greater than expected from a Brownian motion process (Losos, 2008; Revell et al., 2008) . To determine the significance of k obtained for each trait, we compared the maximum likelihood estimate of k against the maximum likelihood of models when k ¼ 0 (from a tree without phylogenetic signal) using LRTs. To compare phylogenetic structures, we used the 'ses.mpd()' and 'ses.mntd()' functions (considering abundance data) to estimate the SES values from mean pairwise phylogenetic distance (MPD SES ) and from mean nearest taxon distances (MNTD SES ) (Webb et al., 2002) . The SES was estimated using the same procedure as that of trait dispersion (see above). Finally, to determine the shape of the relationship between phylogenetic structure and disturbance, we performed regression analyses based on GLMs using the same procedure used for species richness, abundance and functional divergence.
RESULTS
Species richness and abundance
We found a significant interaction between disturbance and OR for species richness (G 2 1,28 ¼ 59Á59, P < 0Á01) and abundance (G 2 1,28 ¼ 17Á52, P < 0Á01). Both species richness and abundance of native species decreased linearly with disturbance ( Fig. 2; Table 1 ). For exotic species, species richness increased linearly with disturbance, while the change in abundance along the disturbance gradient showed a unimodal curve (significant quadratic parameter), but also with a significant (positive) linear component in the model (Fig. 2; Table 1 ). Total species richness was not associated with disturbance ( Fig. 2A ; Table 1 ), but abundance decreased linearly with disturbance ( Fig. 2B; Table 1 ).
Community structure and association with disturbed sites Community composition changed along the disturbance gradient (ENVFIT: R 2 ¼ 0Á20, P < 0Á001; vector in Fig. 3 ), i.e. the multivariate compositional gradient (the ordination axis scores) showed a significant relationship with increased disturbance. Moreover, community composition differed significantly among plots (PERMANOVA: F ¼ 3Á98, R 2 ¼ 0Á14, P < 0Á001), because communities with more mounds were structurally different from communities with fewer mounds. There was low overlap of centroids between more and less disturbed communities (Fig. 3) . Compositionally, exotic species (except Herniaria cinerea) were separated from most native species along the NMDS 1 and closely associated with communities containing >8 mounds (see Fig. 3 ; Supplementary Data Fig.  S3 ). In addition, the analysis of preference showed that 20 species (14 native and six exotic) had a significant association with communities with a given disturbance level (Supplementary  Data Table S3 ). All but one of the six exotic species were associated with communities with !9 mounds ( Fig. 3 ; Table S3 ; Supplementary Data Fig. S3 ). In contrast, 64 % of the 14 native species were associated with communities with 8 mounds ( Fig. 3; Table S3 ; Fig. S3) , showing that exotic species are mostly associated with the more disturbed communities and, conversely, native species are mostly associated with the less disturbed communities.
Functional divergence
The SES of FDis for overall traits and plant life span showed a significant relationship to disturbance; neither growth form nor life form showed associations with disturbance (Table 1 ; Fig. 4A, B ; non-significant relationships are not shown). For overall FDis, increased disturbance resulted in a change from functional divergence to functional convergence (Fig. 4A) , a pattern typically associated with habitat filtering. Thus, species with traits poorly suited to local disturbance by S. cyanus cannot establish or occur at very low abundance. The SES of a plant life span changed from functional divergence to functional convergence as disturbance increased. Therefore, species at more disturbed communities were more similar than expected in terms of life span, while at less disturbed communities they were more different than expected (Fig. 4B) . We found a significant interaction between disturbance and OR for the relative contribution to both overall (Overall contribution : G 2 1,28 ¼ 579Á40, P < 0Á01) and life span functional divergence (Life span contribution : G 2 1,28 ¼ 223Á31, P < 0Á05). The proportional variation in both overall and life span functional divergence contributed by the FDis of native species was significantly higher than that contributed by exotic species (Fig. 4C, D) . The overall functional divergence contribution
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Life history traits GF LF PL 2 2 3 3 4 4 6 8 8 9 9 9 10 11 13 14 of exotic species increased linearly with disturbance, while the contribution of native species showed a significant linear decrease (Table 1 ; Fig. 4C ). The contribution to life span functional divergence of exotic and native species showed a concave and convex parabola along the disturbance gradient, respectively (Fig. 4D) . In both cases only the linear component/parameter (D) was statistically significant (Table 1 , solid line in Fig. 4D ), so the contribution to life span functional dispersion by exotics increased, while that of natives decreased, along the disturbance gradient.
Number of mounds
Phylogenetic signal and community structure
We found significant phylogenetic signals (i.e. traits are influenced by phylogeny) for all life history traits but not for Table S2 . Concordance between observed interobject distances and those predicted from the dissimilarities (final stress ¼ 0Á155).
OR: growth form (k ¼ 0Á91, P < 0Á001), plant life span (k ¼ 0Á72, P < 0Á001) and life form (k ¼ 1, P < 0Á001), OR (k ¼ 0Á90, P ¼ 0Á35). Thus, there is a relationship between the degree of phylogenetic relatedness and trait similarity for all life history traits. In the case of plant life span and growth form, the relationship is less than that expected under a Brownian motion model of evolution, whilst life form evolves according to a Brownian process. Our results indicate that, although there is weak phylogenetic signal, all functional traits analysed were less labile than expected under a random community phylogeny. On the other hand, the results suggest that there is no phylogenetic distinctiveness between exotic and native species at the studied shrubland. The regression analyses showed that phylogenetic structures of communities were significantly related to increased disturbance (Table 1 ; Fig. 4E, F) . Standardized effect sizes of pairwise phylogenetic distance (MPD SES ) decreased significantly and linearly with disturbance (Table 1 ; Fig. 4E ). On the other hand, the relationship between mean nearest taxon distances (MNTD SES ) and disturbance resembled a convex parabola (Fig. 4F) , but only the linear component/parameter (D) was significant according to LRT (Table 1) . These two lines of evidence indicate that increased disturbance changed phylogenetic structures from overdispersed to clustered, as is expected for a habitat-filtering process driven by disturbance.
DISCUSSION
Our results are consistent with the hypothesis that disturbance by the burrowing activity of the native fossorial rodent S. cyanus operates as a habitat filter that favours plant invasion in herb communities of the studied arid shrubland. Thus, species richness and abundance of exotic and native species increased and decreased, respectively, with disturbance. Moreover, community composition changed significantly across the disturbance gradient, with exotic species being mainly associated with communities containing more mounds of S. cyanus. Disturbance by this endemic rodent is a habitat filter that favours species with short life cycle strategies, as verified by the particular increase in abundance of this group of species. Accordingly, the relative contribution to functional divergence of exotic species increased and the relative contribution of native species decreased along the disturbance gradient. The filtering effect imposed by disturbance on the measured traits could switch phylogenetic community structure from an overdispersed pattern to a clustered one, because we found a significant relationship between the degree of phylogenetic relatedness and trait similarity (phylogenetic signal). We cannot rule out, however, that other unmeasured traits might be involved in the response to increased disturbance (e.g. plant height or foliar nitrogen content; Laliberté et al., 2013) , and consequently might change phylogenetic community structure. Earlier studies in arid and semi-arid environments have reported that natural disturbance by S. cyanus favours the dominance of annual plants (Contreras et al., 1993) and can promote invasion by exotic species despite the relatively stressful conditions (Contreras and Gutierrez, 1991; Torres-D ıaz et al., 2012) . It has been suggested that natural soil disturbance by fossorial rodents may favour colonization of native species over that of exotic species (Karsten et al., 2007; El-Bana, 2009 ) because native species should be more adapted to historic natural disturbance regimes (Alpert et al., 2000; Daehler, 2003; Huston, 2004) . In fact, the use of disturbance regimes at natural or historic levels has been proposed as a tool for management of exotic plant invasion (Alpert et al., 2000; Daehler, 2003; Huston, 2004) . In contrast, our results of species richness and abundance support the idea that natural disturbance is favouring the invasion of exotic species (Jauni et al., 2015) . It seems that in this arid ecosystem, disturbance is detrimental to native plant species, because both species richness and abundance decreased linearly with the number of mounds. This pattern supports predictions of the Dynamic Equilibrium Model (Huston, 1979) and probably arises because disturbance worsens the already harsh conditions beyond the tolerance limits of native plants (Grime, 1977; Walker, 1999) . In contrast, disturbance favours species possessing traits associated with a short life cycle, and exotic plant species certainly represent this life history strategy (Py sek and Richardson, 2007) . Likewise, we found that exotic species had greater preference for more disturbed communities, while native species showed the opposite pattern. Actually, ten native species showed a significant decrease in abundance with the disturbance gradient, and 70 % of these could eventually be absent from the original pool if high levels of disturbance prevail, because their abundance tends to approach zero after a certain level of disturbance captured by our gradient (see Supplementary Data Table S4 ). Interestingly, we detected a significant change in community composition, but total species richness did not change along the disturbance gradient. Therefore, ecological studies on disturbance not considering species origin (native vs. exotic) could be missing important phenomena at the community level. In the same vein, had we used a categorical approach, considering only low vs. high disturbance levels, we would have missed the non-linear relationship between disturbance and abundance of exotic species and, consequently, had wrongly concluded that exotic species were equally abundant along the disturbance gradient. This highlights the advantage of a continuous approach (or multilevel approach) over a categorical one when addressing the relationship between disturbance and plant community parameters.
The analysis of the relationship between disturbance and community functional divergence provides further evidence that disturbance operates as a habitat filter in low-productivity environments (Pausas and Verd u, 2010; Laliberté et al., 2013) . Increased disturbance changed the overall trait structure from functional divergence towards convergence, which is associated with habitat filtering (Pausas and Verd u, 2010; Kraft et al., 2015) ; however, only plant life span divergence showed a significant decrease. These results suggest that the combined effects of disturbance and aridity select species with short life cycles, regardless of the type of growth form or life form. Two lines of evidence suggest that a 'live fast, die young' life cycle strategy should be adaptive under drought and disturbance conditions (Bazzaz, 1979; Whitford and Kay, 1999) . First, it has been demonstrated that in seasonally dry and variable environments, such as the studied arid shrubland, a drought escape strategy is favoured over drought avoidance (Franks, 2011) . Secondly, Grime (1977) pointed out that high disturbance selects for species with features adapted to exploit transiently favourable conditions, the tendency for a short life cycle being the most consistent trait.
The effect of disturbance on phylogenetic community structure depends on whether or not traits show phylogenetic signal (Webb et al., 2002; Pausas and Verd u, 2010) . We found that trait evolution in the shrubland community is related to the degree of phylogenetic relatedness because all studied life history traits showed significant phylogenetic signal. Increased disturbance changed phylogenetic community structure from overdispersed (or random) to clustered. This provides additional evidence for habitat filtering as the main assembly process resulting from natural disturbance by burrowing activities of S. cyanus in this arid shrubland. At the most disturbed end of the gradient, however, communities showed a slight decrease in the degree of phylogenetic clustering. We propose two nonmutually exclusive explanations for this pattern. First, greater environmental heterogeneity generated by disturbance may allow functionally different species to occupy different microhabitats within a site, thus increasing overall functional divergence (de Bello et al., 2013; Kraft et al., 2015) and decreasing the degree of phylogenetic clustering, provided that life history traits show phylogenetic signal (Pausas and Verd u, 2010; de Bello et al., 2013) . Actually, it has been shown that increased disturbance by fossorial mammals causes soil heterogeneity, because inter-mound microsites have higher cover of dominant species and different microclimatic conditions compared with mound microsites (Whitford and Kay, 1999) . Secondly, competition or facilitation at the inter-mound microsites between closely related taxa might lead to reduced trait similarity (Cavender-Bares et al., 2009; Spasojevic and Suding, 2012; McIntire and Fajardo, 2014) , hence reducing functional convergence. Further, this might result in phylogenetic overdispersion, provided that such traits show phylogenetic signal.
Habitat filtering and limiting similarity are often viewed as alternative processes explaining community assembly (Webb et al., 2002; Cavender-Bares et al., 2009) . However, both assembly processes can operate in a given community (Kraft et al., 2015) , but their predominance is likely to vary with spatial scale and stress level, among other factors (Cavender-Bares et al., 2009; Spasojevic and Suding, 2012; de Bello et al., 2013; Laliberté et al., 2013) . In our system, habitat filtering may have restricted species composition and functional divergence of communities, by species sorting, before interspecific interactions could limit the phylogenetic similarity between co-occurring species. Our results partially support these ideas because the degree of phylogenetic clustering decreased slightly at the most disturbed end of the gradient; however, the values were generally below zero along the disturbance gradient.
Moreover, the functional divergence patterns of life form and growth form were random and the overall functional divergence was generally below zero along the disturbance gradient, which provides additional evidence for habitat filtering as the main assembly process in the studied shrubland.
Increased species richness and abundance of exotic species can result in phylogenetic change of communities (Cadotte et al., 2010; Bennett et al., 2014) , potentially leading to phylogenetically clustered communities (Winter et al., 2009) . Our results illustrate a case of disturbance-driven increase in species richness and abundance of exotic species that led to phylogenetically clustered communities. These patterns arise because exotic plant species are not phylogenetically distinct from the native flora (no phylogenetic signal for species origin); this resemblance between exotic and native species has been reported at the country scale in Chile (Escobedo et al., 2011) . Therefore, when the native fossorial rodent promotes the addition of exotic herbs closely related to the native herbaceous flora, it ultimately reduces the mean phylogenetic distance between taxa from the herb communities of the arid shrubland. Finally, we stress that an accurate and continuous estimation of the impact of disturbance on native/exotic species richness and abundance, as well as on community assembly processes, is not only essential for a better understanding of the dynamics of ecological communities, it is also important to avoid misleading recommendations for the management of invasive species. SUPPLEMENTARY DATA Supplementary data are available online at www.aob.oxfordjour nals.org and consist of the following. Figure S1 : ranked species abundance curve. Figure S2 : species accumulation curves. Figure S3 : smooth surface added to the non-metric multidimensional scaling. Table S1 : effect of the abundance of Bromus berteroanus on the response variables of the study. Table S2 : species code. Table S3 : association values of the correlation index (r g U ). Table S4 : linear relationships between increased disturbance and abundance of all native species.
